optic nerve sheath fenestration (oNSF) is a surgical procedure used by ophthalmologists-particularly neuro-ophthalmologists and orbital specialists-to reduce the pressure within the subarachnoid space (SaS) of the optic nerve. The first notation of oNSF dates back to 1872 when it was described as a technique to relieve optic nerve head (oNh) edema, but at that time there was not a clear understanding of the pathogenesis of oNh edema. Subsequent landmark experiments by hayreh validated the scientific use of oNSF in cases of oNh edema secondary to elevated intracranial pressure (icP), also known as papilledema. [2] [3] [4] [5] [6] [7] [8] Modern day studies have shown that oNSF can improve visual function in numerous conditions that produce oNh edema-especially in cases of visual loss secondary to papilledema caused by idiopathic intracranial hypertension (iih). unfortunately, much confusion arises from terminology used in the early literature that loosely applied the term papilledema to oNh edema due to a variety of pathologies.
Intraorbital Optic Nerve
The second segment of the optic nerve is the intraorbital optic nerve. At the ONH, the unmyelinated axons of the retinal nerve fiber layer (RNFL) make a 90° turn to exit the eye. The lamina cribrosa, a distinct region of the sclera consisting of stacks of fenestrated sheets of elastic fibers and connective tissue, allows the passage of the optic nerve axons from the eye into the retrobulbar orbital space. After passing through the lamina cribrosa, the axons become covered by myelin derived from oligodendrocytes. The presence of myelin increases the diameter of the intraorbital optic nerve to approximately 3 mm. Posterior to and continuous with the sclera, the optic nerve procures a dural sheath, in addition to the arachnoid mater and pia mater. A unique anatomical feature of the intraorbital optic nerve is the fact that its length (28 mm) is nearly double the distance from the back of the eye to the orbital apex (15 mm) . This configuration allows for the globe to freely rotate within the orbit and to compensate for any pathologic axial shifts within the orbit without causing visual dysfunction. The blood supply of the intraorbital optic nerve is derived from the pial network of vessels from the ophthalmic artery. 9 
Intracanalicular Optic Nerve
The intracanalicular optic nerve is the third segment of the optic nerve, and begins at the point where the optic nerve enters the optic canal. At the orbital apex, the dura mater covering the optic nerve fuses with the periorbita of the orbit. It is also at this location that the optic nerve is encircled by the annulus of Zinn represented by the tendinous insertions of the four recti muscles. The intracanalicular portion of the optic nerve is anchored within the optic canal, which measures approximately 8-10 mm in length and 5-7 mm in width. The intracanalicular optic nerve represents a watershed zone because it has a dual vascular supply, anteriorly from branches of the ophthalmic artery and posteriorly from small vessels arising from the internal carotid artery and the superior hyphophyseal artery. 9 
Intracranial Optic Nerve
The fourth and final segment of the optic nerve is the intracranial optic nerve. The optic nerve enters the cranial vault underneath the anterior clinoid process and over the ophthalmic artery. Upon exiting the optic canal, the dura of the optic nerve fuses with the periosteum of the middle cranial fossa. The nerve then travels a variable distance, ranging from 8-12 mm, before joining the optic chiasm. The intracranial optic nerve is supplied by branches from the internal carotid artery, the superior hypophyseal artery, anterior cerebral artery, and anterior communicating artery. shown that axonal swelling at the ONH occurs due to a disturbance in the axoplasmic transport system (see Figure 3) . 2, [4] [5] [6] [7] [8] 11 Nerve fiber dysfunction due to axonal swelling can result in loss of central vision, a decrease in peripheral vision, and, ultimately, optic atrophy. 
Rationale for Optic Nerve Sheath Fenestration
ONSF is a surgical technique to reduce the hydrostatic pressure on the ONH. From a purely mechanical perspective it is believed that an opening within the optic nerve sheath will allow for a sudden and sustained drop in the SAS pressure and relief of the compartment syndrome on the ONH.
However, the exact mechanism by which ONSF can relieve ONH edema CSF pressure transmitted to ONH. 16 The theory of CSF filtration induced by ONSF may help explain the clinical finding of decreased ONH edema in the fellow unoperated eye after unilateral ONSF despite persistent elevated ICP. 16 An alternative theory for the relief of ONH edema based on histopathologic and radiologic findings suggests that ONSF promotes fibrous tissue proliferation at the incisional site, thereby preventing the transmission of elevated CSF pressure to the ONH.
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Indications for Optic Nerve Sheath Fenestration
ONSF has been tried in the setting of many optic neuropathies and has been found to improve visual function in some cases and worsen vision 
Optic Nerve Sheath Fenestration for Various Optic Neuropathies
The utility of ONSF in improving visual outcome of optic neuropathies from a variety of etiologies has been reported in small case series and case reports. In a case series of three patients with progressive visual loss due to radiation-induced optic neuropathy, ONSF improved visual function in all the patients. 19 ONSF was found to be effective in patients with postdecompression blindness, a syndrome characterized by visual loss due to a 'compartment syndrome' in the intraorbital optic nerve after removal of a CNS lesion. 20, 21 Additionally, sporadic case reports have described improvement in visual function after ONSF in patients with osteopetrosis, optic nerve glioma, and chronic inflammatory demyelinating polyneuropathy. [22] [23] [24] ONSF has also been utilized successfully in traumatic optic neuropathy.
Guy et al. demonstrated reversal of progressive visual loss after ONSF in two patients with traumatic optic neuropathy. One of the patients had an optic nerve hematoma and the other developed delayed visual loss from an arachnoid cyst of the optic nerve sheath. 25 Another case series described improvement in visual function after ONSF in a patient with traumatic optic neuropathy and radiographic evidence of an optic nerve sheath hematoma. 26 This same case series showed improvement in visual function in three patients with traumatic optic neuropathy who underwent ONSF combined with optic canal decompression. 26 Based on retrospective case series and case reports, there was enthusiasm for ONSF as an effective treatment for nonarteritic anterior ischemic optic neuropathy (NAION), the most common cause of an acute optic neuropathy in patients older than 55 years of age. 27 The National
Eye Institute (NEI) funded a prospective multicentered study to assess the efficacy of ONSF in acute NAION. The Ischemic Optic Neuropathy Decompression Trial (IONDT) was a randomized, placebo-controlled trial that found ONSF was not more effective than observation in the final visual outcome of patients with NAION. In addition those patients who underwent ONSF had a greater risk of losing vision compared with the observation group.
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Optic Nerve Sheath Fenestration for Elevated Intracranial Pressure
Papilledema can lead to visual loss from optic nerve or retinal (macular) disease (see Figure 4) . ONSF is indicated in some cases of papilledema, most commonly for visual loss due to IIH.
IIH is typically encountered in obese women in their second, third, and fourth decades of life; and is characterized by normal neuroimaging and elevated CSF pressure with normal CSF studies (see Table 2 ). 
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In a meta-analysis based on retrospective data of ONSF performed on 423 eyes in patients with IIH, visual acuity improved in 50 % of eyes and visual field improved in 72 % of eyes. 38 In the same meta-analysis, Table 3 ).
Studies have shown that ONSF is safe and effective in pediatric patients as well. 40, 41 A retrospective chart review of 17 pediatric eyes with IIH showed decreased ONH edema with stabilization or improvement in visual function in all eyes after ONSF. 41 ONSF is not an entirely benign procedure and can be associated with both minor and profound ocular complications (see Table 4 ). In a review of the published IIH literature, the complication rate of ONSF was found to range broadly between 4.8-45 % with a mean of 12.9 %. 30 In the same review of 317 cases of ONSF, 13 % of cases were deemed a failure, which was defined as progressive visual loss despite the surgery or need for reoperation. 30 In addition, case reports have described patients with progressive visual loss after ONSF due to sustained elevated ICP. 42 A recent study using an experimental rat model found optic atrophy and degeneration of RGCs after ONSF, suggesting that in humans RGC neurodegeneration may be a consequence of ONSF. 43 Although ONSF is performed most commonly in the setting of papilledema due to IIH, ONSF is also indicated in cases of papilledema with impending or progressive visual loss due to an unresectable CNS mass, an arteriovascular malformation of the vein of Galen, venous US OPHTHAlmIC REvIEw sinus thrombosis, and obstruction of the cerebral venous system from a compressive lesion. 20 In addition, case reports have described patients with cryptococcal meningitis and visual loss caused by papilledema who have been successfully treated with ONSF.
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Surgical Technique
The three main surgical approaches for ONSF are superior eyelid, lateral orbital, and medial transconjunctival.
In the following section we will provide a general overview of each approach with a special emphasis on the medial transconjunctival approach, which is the preferred technique of the authors.
Superior Eyelid Approach
Approaching the superior and lateral orbit via the anterior superior eyelid crease has been a surgical method preferred by orbital surgeons for removal of intraorbital lesions. In recent years, the anterior superior eyelid crease approach has been adopted by neurosurgery because of the excellent surgical exposure it provides to the anterior skull base. 47 A particular advantage of this approach is the excellent cosmetic outcome because the incision can be hidden within the natural superior eyelid crease. 48 For the purposes of performing an ONSF, the medial intraconal space is accessed through a superomedial eyelid crease incision. 49 The orbital septum is opened and the medial horn of the levator aponeurosis 
Lateral Orbital Approach
The approach to the intraconal orbital space for ONSF through the lateral conjunctiva was first described in 1872. 1 Subsequently, the lateral approach was modified by a number of surgeons to improve access to the optic nerve. In 1988, Tse and colleagues described a lateral orbitotomy approach for ONSF. 50 The procedure begins with an en bloc removal of the lateral orbital wall. The periorbita is incised in a T-shaped fashion and blunt dissection of the perimuscular fasical sheaths is performed until the lateral rectus muscle is identified. A traction suture is placed under the insertion of the lateral rectus muscle and the suture is anchored medially, adducting the eye in order to move the optic nerve laterally. Dissection with specially designed orbital-neurosurgical brain retractors is used to gain access to the optic nerve. Once the retrobulbar portion of the optic nerve is adequately exposed, an operating microscope is used to assist in a window incision of the optic nerve sheath. The periorbita is closed with interrupted sutures and the bone fragment is re-approximated to the lateral orbital wall using nonabsorbable suture. Advantages of the lateral approach to ONSF include exposure of a longer segment of the optic nerve. Limitations of this approach include longer operating time, an 38 external incision, and a more complex surgical procedure that requires removal of the orbital rim.
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Medial Transconjunctival Approach the medial approach to the retrobulbar optic nerve was first described by
Galbraith and Sullivan in 1973. 51 the following description is the technique performed at the Duke eye center (see Figure 5 ). 41 On completion of the fenestration, the traction suture is removed, and the medial rectus is reattached to the globe using standard strabismus muscle technique. the conjunctiva is closed with 8-0 vicryl sutures. an antibiotic-steroid ointment is applied to the eye and a protective shield is placed over the eye to prevent any direct external pressure. the advantages of the medial transconjunctival approach include increased width of the operating field, minimal distance from incision to the optic nerve, minimal bleeding, and lack of an external incision.
Conclusion
ONSF is a relatively safe and effective surgical procedure in patients with visual loss due to papilledema. although ONSF has been found to improve visual function in many diseases of the optic nerve, it has been best studied-although without the benefit of level i evidence-in cases of papilledema in the setting of iih.
timely ONSF in an iih patient with visual loss may lead to stabilization and, sometimes, visual function improvement. there are three main approaches to ONSF, each offering its own advantages and limitations. n
